In the Great Tit, Parus major L., the flocks are found from early summer to early spring and can be classified into three types according to the differences in the period of occurrence and the composition (Saitou 1978). The first type is a family flock which usually occurs from late May to early July and breaks up about a month after the young left the nest. The second is a summer flock. The young form the summer flock by themselves after becoming independent of their parents while the adults remain on or near their previous breeding territory during July and August. The third is a basic flock of constant composition.
consisted of 21.7ha of mixed evergreen and deciduous broad-leaved forest, another 12.4ha with open lawn and grassland, and 2.3ha of pond. The composition of the forest was described by Saitou (1978) . In the forest, nesting boxes had been provided at a density of about ten per ha and most of the pairs bred in the nesting boxes. A is the main study area of flock formation.
The study area was fenced with a stone wall of about three meters height and surrounded on the south side by residental area and on other three by parkland. Although some Great Tits immigrated into the study area from the surrounding, virtually the whole population consisted of the birds that had bred or were born in the study area.
Methods
In the study area, nearly all of the birds were marked individually with colour rings.
The method of marking was described in detail by Saitou (1978) . The case history of each marked bird was recorded from the birth or capture to the death or disappearance, so that their previous history was known.
Observations were made on the family and summer flocks form late May through the middle of September and focussed on the basic flock from late September onward. A flock Ecological study of social organization in the Great Tit, II or individual was followed for at least twenty minutes and its movements were plotted directly on a 1:2500 scale field map. Many such observations were then superimposed onto one map and a perimeter was drawn around the home range of each flock or individual .
The size and composition of each flock were recorded and the members of the flock were identified by their colour rings in each observation. The territory was determined by connecting points at which chases and boundary clashes occurred within the home range of the pair. The process of flock formation was studied mainly in the south-east part of the study area (A in Fig. 1) . The flocks or individuals were observed every other day from July to September.
Results
The formation of a basic flock takes place through a successive process. A general description of flock formation is given, illustrated by the behaviour of adults and young belonging to the basic flock I in the autumn of 1970 . This flock was observed in the southeast part of the study area and consisted of five adults and five young (Table 1) . 120m. Assuming the mean greatest distance as a radius of home range, it is estimated that the home range of family flocks are, in average, about 30ha. But this figure is an estimate upon the greatest distance observed within the study area. In fact, most of the family flocks wandered away frequently to the surrounding areas during observations and disappeared for a long time in the day. This is the reason why the actural size of home range could not be measured. The actual home range of family flocks may be larger than the estimated one.
The family flocks gradually break up within three to four weeks after the young left the nest. The young disperse soon after having become independent of their parents. Since there is no indication that the parents actively drive their young away, it is probable that the dispersal of the young is due to an innate tendency to move, independent of the environment situation (Hinde 1952) .
The young scatter all over the forest. At first, the young usually associate and move with other family flocks, but they gradually associate with each other to form a summer flock. In the south-east part of the study area, five young belonged to the basic flock I later appeared for the first time between 7 and 24 days after their family flocks were lastly observed ( Table 2 ). The average interval of such appearance in a total 15 young in this Table 2 . Young of the basic flock I and date when the young appeared for the first time in the south-east part of the study area.
A, the young left the nest. B, the family flock was lastly observed. C, the young appeared for the first time in the area. I-18 and 19 are the young of the same brood.
I-17 is the immigrant from the surrounding area.
were nearly always observed singly or in the summer flocks foranging over there. It seems that the young settle in a large, but restricted area within a relatively short period after having become independent of their parents.
The summer flock forages over a wide range. It breaks up into smaller parts which unite again into larger ones reatedly within a day. Moreover, the size and members of the flocks change very frequently. This makes it difficult to define and measure the home range of the summer flock as a whole. Then, the home range of each young was measured.
The home range of young in July and August is called "summer range ", whereas that in September "autumn range"
Although the whole home range of the family flock could not be measured, the summer ranges of young belonged to the basic flock I later overlapped the observed home ranges of their family flocks. The summer range (Fig. 2) was very larger than the home range of adults ( Fig. 3) and overlapped not only each other extensively, but also the home ranges of adults. Excepting the home ranges of two previous breeding pairs and one widowed adult belonged the basic flock I later, they overlapped those of five previous breeding pairs and nine widowed adults. The young were associated with each other more tightly than adults ( Fig. 4-A) , but they were not always observed together, even if the difference of appearance in this area is taken into consideration ( Table 2 ). All of the young were sometimes found in the same flock, but some of them usually moved with one flock and the rest with another. Also, the young spent singly some of their time. There was no tendency The percentage is caluculated as follow; in the case of I-16 and I-19 in B, I-19 was observed together with I-16 in 13 times. The total number of observations in I-19 was 13 times so that the percentage of association with I-16 was 100 (13/13). On the other hand, I-16 was observed together with I-19 in 13 times. The total number of observations in I-16 was 24 times, so the percentage of association with I-19 was 54.1 (13/24). Parenthesis indicates number of observation when the bird or previous breeding pair was seen singly.
M, male. F, female. Age, year old.
for the young to be associated more closely with the adults belonged to the basic flock I later than other adults whose home ranges overlapped the summer ranges of the young .
On the other hand, the adults remain on or near their previous breeding territory even after the breeding, although territorial behaviour is latent at this time. Making a comparison between Fig. 3 and 5, it is clear that the adults restricted their movements to their previous breeding territory. The adults start to moult at about the time when their last young reached independence. They are inactive and often observed singly or with the mate of previous breeding pair during the moult. The moulting adults sometimes join the summer flock only when it is within their previous breeding territory, but drop out near the boundary of the previous breeding territory. The adults were observed together with the young to some extent during July and August, but they did not foraged together with the neighbouring adults ( Fig. 4-A) .
The summer flocks begin to break up in September. And the young gradually show a preference for a particular part of their summer range. The autumn ranges of young (Fig.  6 ) were considerably smaller than the summer ranges (Fig. 2) . At the same time, the degree of association among the young in September (Fig. 4-B ) became higher than that in July and August (Fig. 4-B) . Also, the behaviour of adults changed in September. The home ranges of adults overlapped each other extensively (Fig. 7) . Moreover, the adults became to be observed together with the neighbouring adults (Fig. 4-B) .
The relation between adult and young also changed in September. First, the autumn ranges of the young overlapped only with a few home ranges of adults belonged to the basic flock I later ( Fig. 6 and 7) . Secondly, the association of the adults and young was much more strong (Fig. 4-B) , as compared with Fig. 4 -A. From this time onward, the number and members of the young in this area became more and more constant, and the adults and young were always observed together. Thus, the basic flock I was formed in late September. In the study area, such process was observed in other basic flocks and most of the basic flocks were usually formed by the middle of October every year.
Discussion and conclusion
In the process of flock formation, the adults remain on or near their previous breeding territory even after the breeding and then are joined by the young to form a basic flock, so that the movement of the young is important to the formation of basic flocks. There are three stages in the movement of the young after having become independent of their parents; the establishment of summer and autumn ranges, and the final association with adults in an area.
With respect to the period of establishment of summer ranges, the young appeared for the first time in a particular area within about a month after their family flocks were lastly observed and then were observed nearly always in the area. Making allowance for the time lag between the last observation of the family flock and the actual independence of the young, it is concluded that most of the young must establish their summer range within a relatively short period after having become independent of their parents.
The autumn ranges are established within the summer ranges by autumn. Kluijver (1951) and Hinde (1952) said that many young settled in a restricted area by their first autumn, but both authors did not clearly show when most of the young settled. From the observation of roosting birds in nesting boxes, Kluijver (1951) described briefly that some young were still wandering about during November, even in December. Also, Hinde (1952) noted that not all young became sedentary as early as November, but that he did not study the movement of the young between July and November.
In the study area, the number and members of the young observed in the same area became more and more constant from September onward and then a basic flock was formed with these young and adults in the area. The membership of the basic flock is usually established by the middle of October (Saitou 1978), even though a few young continued to wander about till early November. As the basic flocks are constant in membership throughout the winter, the period when the membership of the basic flock is established can be regarded as the period of final settlement of young in their autumn range. Hence it is concluded that most of the young settle in their autumn range by the middle of October.
With respect to the area that the young establish for their summer or autumn ranges, Kluijver (1951) found that the greatest distance from the nesting site to which the family flock wandered was from 200m to 1km, and that it was about equal to the distance between the birth place and the first breeding place of young in a rather poor broad-leaved and conifer wood. Hence, he suggested that the young would select their range within the home range of their family flocks.
In the present study, the greatest distance from the nesting site to which the family flock was observed within the study area was, in average, 310m, ranging from 200m to 600m in the mixed evergreen and broad-leaved forest. This figure is slightly different from that given by Kluijver (1951) and the difference is probably due to difference of the vegetations. In the study area, most of the family flocks wandered away frequently to the surrounding areas, so the actual greatest distance seems to be longer than the observed one.
Also, the distance from the birth place of the young to the feeding activity center of the flock range in the basic flock to which the young belonged was, in average, 300m, ranging from 20m to 710m (Saitou 1978) . The average value of the former is equal to that of the latter. The young join the basic flock formed in their autumn ranges and the autumn ranges are established within the summer ranges. Moreover, the summer ranges of the young belonging to the basic flock I overlapped the observed home ranges of their family flocks. This facts reveals that the young probably established their summer or autumn ranges within the home range of their family flock.
The association of young and adults is observed since young formed to summer flock.
The summer ranges are considerably larger than the home ranges of adults and overlap many home ranges of adults. The young are associated with every adult whose home range overlaps the summer ranges of the young, but only while the flock is within the home range of each adult. Therefore, the association of the young and adults in this period is a loose and temporary one.
On the other hand, the behaviour of young changes when they establish their autumn range. The summer flocks disintegrate and change to each cohesive association of young whose autumn ranges overlap in an area. As compared with the summer ranges, the autumn ranges are reduced in size and overlap only with a few home ranges of adults, so that the association of the young and adults in the area also becomes stronger than it has been previously. A basic flock is formed by these birds. Thus, the process of basic flock's formation is closely related with the extensive overlap of home ranges between individuals.
Taking the process of flock formation in consideration, the adults remain on or near their previous breeding territory even after the breeding and then the young settle in the area as their autumn range. Consequently, the home ranges of the adults and the autumn ranges of the young overlap extensively as a whole. Therefore, it is concluded that the adults are regarded as the nucleus of the basic flock because of their prior occupancy, and that the members of a basic flock are primarily associated with each other by their site attachment since the basic flock is formed by the indiciduals whose home ranges overlap.
